Objective: Separate meta-analyses based on case-control and cohort studies have reported different results on the relationship between coffee consumption and colorectal cancer risk. To clarify the effect of coffee intake on colorectal cancer risk, we performed a meta-analysis based on both case-control and cohort studies. Design: Review study. Setting: We identified case-control and cohort studies related to coffee consumption and colorectal cancer risk listed on MEDLINE, the Cochrane Controlled Trials Register, EMBASE, Science Citation Index and PubMed (until May 2011). In subgroup analyses using case-control studies, significant inverse associations were found in females for colorectal cancer and in Europe for colorectal and colon cancer, while the subgroup analyses of cohort studies found that coffee drinks substantially decreased risk of colon cancer only in Asian women. Conclusions: Results from case-control studies suggest coffee consumption can significantly decrease the risks of colorectal cancer and colon cancer, especially in Europe and for females.
Colorectal cancer is the third most common cancer in men and the second most common in women worldwide, with over 1?2 million new cancer cases and 608 700 deaths occurring in 2008 (1) . It is well known that obesity, smoking and physical inactivity are important risk factors for colorectal cancer. However, nutritional factors such as alcohol, tea, coffee, etc. have also been considered to play an important role in the development of colorectal cancer (2) . Coffee is a complex mixture of more than a thousand chemicals, and these constituents have potential genotoxic and mutagenic properties, antioxidant and antimutagenic activities to affect colorectal cancer risk (3) . Over the last four decades, the relationship between coffee consumption and colorectal cancer risk has been extensively examined (4) .
In 1990, a Working Group of the International Agency for
Research on Cancer reviewed the data on coffee consumption and colorectal cancer risk and concluded that in man 'there is some evidence of an inverse relation between coffee drinking and cancer of the large bowel' (3) . However, the relationship between coffee intake and colorectal cancer risk appears inconsistent in case-control studies and cohort studies. To clarify the relationship between coffee consumption and colorectal cancer risk, Giovannucci performed a meta-analysis in 1998 and reported an overall OR/relative ratio (RR) for high v. low coffee intake of 0?72 (95 % CI 0?61, 0?84) and 0?97 (95 % CI 0?73, 1?29) after combining the results of twelve case-control studies and five cohort studies, respectively (5) . A subsequent meta-analysis (6) and a pooled analysis (7) for cohort studies showed no significant inverse associations; however, another meta-analysis in 2011 reported a statistically significant relationship between coffee consumption and colorectal cancer (RR 5 0?89, 95 % CI 0?80, 0?97) (8) . Moreover, the newest meta-analysis of case-control studies by Galeone et al. found a significantly positive effect when comparing the highest with non/low coffee intake (9) . Although most of the data from case-control studies are relatively consistent, they may be subject to recall bias with respect to coffee consumption and selection bias with respect to the control group. Additional prospective cohort studies excluding those biases would be more useful to see coffee-colorectal cancer associations. Since the metaanalysis conducted in 1998 which included case-control studies and cohort studies, no meta-analysis clarifying the relationship of coffee consumption and colorectal cancer risk using both types of studies has been reported. Plenty of case-control and cohort studies on coffee consumption and colorectal cancer have been published since then. To identify the relationship of coffee consumption and colorectal cancer risk systematically and comprehensively, we performed a meta-analysis combining all available data of both case-control studies and cohort studies.
Materials and methods
Search strategy MEDLINE, the Cochrane Controlled Trials Register, EMBASE, Science Citation Index and PubMed were used to search for articles (in English, until May 2011) that described case-control studies and/or cohort studies investigating the relationship between coffee consumption and risk of colorectal cancer. Titles, abstracts and subject headings in the database were investigated, using the string 'coffee or caffeine' and 'cancer or carcinoma or neoplasm or tumor' and 'colon or rectum or colorectal'. We carried out a broad search for all studies with the Boolean phrases 'diet' and ('colon' or 'cancer'). We also examined all references of related reviews and papers retrieved by the search. Additionally, we tried to contact the experts to obtain unpublished data. Unfortunately, we did not obtain any response from them.
Inclusion criteria
In the meta-analysis, no studies were excluded for weakness of design or data quality. No quality score was assigned. Forty-nine studies including thirty-two casecontrol studies and seventeen cohort studies were considered. Studies were selected for analysis if they met all of the following criteria: (i) a quantitative estimate of the relationship; and (ii) at least one of the 95 % confidence interval or the standard error or the distribution of cases and controls in coffee consumption categories. If the study sample was found to overlap with that in another article or if two articles described aspects of the same study, only the publication with the largest sample was used (10) (11) (12) (13) (14) (15) (16) (17) (18) . If a study provided several OR/RR, we extracted the one reflecting the greatest degree of control for potential confounders (17, (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) . To assess a summary OR/RR for colorectal cancer in both sexes, we used combined estimates if provided. Otherwise, we included all estimates according to sex and/or cancer site in the analysis as if obtained from different studies (11, 19, 20, 22, 25, 27, (30) (31) (32) (33) (34) (35) (36) (37) (38) . Some studies reported estimates for caffeinated coffee, decaffeinated coffee and/or caffeine; we chose the first one (11,15,31,34,36a,36b) . For case-control studies, if both hospital and population controls were used for comparison separately, the result of the population control was chosen for analysis (39, 40) . For cohort studies, when a study provided RR for both colorectal cancer and invasive colorectal cancer, we used the former because it included more cases (22) . Larsson et al. presented pooled estimates from two large cohorts, the Swedish Mammography Cohort (SMC, 1987 (SMC, -2004 ) and the Cohort of Swedish Men (COSM, 1998 (COSM, -2004 , and reported additional pooled estimates by starting follow-up in 1998 for the SMC; we extracted the latter pooled estimates (1998-2004 for both cohorts) (21) . We also included a study conducted on the same cohort (SMC) because it was performed during a different period (1987-2003) (17) . Michels et al. (36) reported separate RR from two large US cohorts in their study, the Nurses' Health Study (NHS) (36a) and the Health Professionals Follow-up Study (HPFS) (36b) ; we counted the report as two prospective studies. Finally, our meta-analysis included twenty-five case-control (11, 15, 20, 26, (28) (29) (30) (31) (33) (34) (35) (38) (39) (40) (41) (42) (43) (44) (45) (46) (47) (48) (49) (50) (51) and sixteen cohort studies (17,19,21-25,27,32,36a,36b,37,52-55) .
Data extraction
Two researchers (G.L. and W.Z.) extracted data independently. A data collection form was designed and data were entered into the form twice to reduce input errors. The items in the form included: first author's last name; year of publication; country of origin; years of study/ follow-up period; number of cases/controls; age at baseline; OR/RR and 95 % CI for the association between coffee consumption and colorectal cancer incidence, considering two exposure levels (highest v. lowest/non); type of controls; and control of confounding factors. If OR and/or 95 % CI were not reported, but numbers of cases and controls in highest v. lowest/non categories of coffee consumption were provided, these data were used to calculate crude OR and unadjusted CI (28, 31, (33) (34) (35) 39, 40, 42, 46, 48, 49) .
Statistical analysis
The generic inverse variance method was used to pool the overall OR/RR with the STATA statistical software package version 11?0 software (Stata Corporation, College Station, TX, USA) for highest v. lowest/non category of coffee intake and risk of colorectal cancer. To assess the heterogeneity, we conducted a test based on x 2 distribution and quantified the inconsistency using the I 2 statistic (56) (P , 0?05 or I 2 . 50 % is considered significant (57) ).
A random effect method that does not assume homogeneity of relative risks (i.e. uniformity of the association) across studies was used as the method of combination for all the analyses showing significant heterogeneity. To examine the magnitude of the combined OR/RR in each stratum and its respective test of heterogeneity, we conducted subgroup analyses by the following variables, one at a time: geographic region (America, Asia or Europe); cancer site (colon or rectum); sex; type of controls (population-based or hospital-based, only for case-control studies); and follow-up period (using 10 years as a cut-off according to the mean of follow-up time of the sixteen cohort studies included in the meta-analysis; only for cohort studies). If heterogeneity in one or more subgroup analyses was observed, then meta-regression was conducted to test variations in OR/RR across strata. In addition, sensitivity analyses were performed by limiting the analysis to studies that had adjusted for smoking, alcohol and physical activity and to those providing ratios for decaffeinated coffee. The funnel plots with Begg's rank correlation and Egger regression tests were performed to detect publication bias.
Results Table 1 shows the characteristics of the twenty-five casecontrol studies (15 522 cases) that were potentially eligible for inclusion in the meta-analysis. Nine of these studies were conducted in America, whereas six were in Asia and ten in Europe. Fourteen of these studies were used for colon cancer (9191 cases) and twelve were used for rectal cancer (4996 cases). Of these studies, eleven and ten provided OR for colorectal cancer in men and women, respectively. Fourteen studies provided the OR using population-based controls and eleven studies using hospital-based controls. We combined OR for colorectal cancer by comparing the highest v. the lowest/non category of coffee consumption, and the summarized result showed a significant relationship between coffee consumption and colorectal cancer risk (OR 5 0?85, 95 % CI 0?75, 0?97; P for heterogeneity , 0?001; I 2 5 64 %; Fig. 1 Table 2 ). The characteristics of the sixteen cohort studies including 953 669 participants and 10 443 cases for colorectal cancer are shown in Table 3 . In the sixteen studies, we found thirteen studies that offered information on colon cancer (4838 cases) and thirteen studies on rectal cancer (2740 cases). Eight studies were performed in Europe and four in Asia. Other studies were conducted in America. Nine of the sixteen cohort studies reported data for men and women separately. No significant differences were found between highest v. lowest/non coffee consumption from cohort studies, which was different to what was found from case-control studies. However, there was a slight suggestion of an inverse association between coffee consumption and colorectal cancer (RR 5 0?94, 95 % CI 0?88, 1?01; P for heterogeneity 5 0?85; . For duration of follow-up, we applied 10 years of follow-up as a cut-off because the mean of follow-up time for all sixteen cohort studies was roughly 10?5 years (6) and there were nine and seven studies whose follow-up periods were over and less than 10 years, respectively. Results of analyses in stratum of follow-up period indicated that studies with shorter followup time (,10 years) tended to show marginally inverse relationships between coffee intake and the risks of colorectal (RR 5 0?92, 95 % CI 0?85, 1?01) and colon caner (RR 5 0?90, 95 % CI 0?81, 1?00; Table 2 ). Table 4 demonstrates the relationship by sex between coffee intake and coloroectal, colon and rectal cancer in strata of geographic regions in case-control and cohort studies. A significant association was found in Asian females for colon cancer from three cohort studies (OR 5 0?61, 95 % CI 0?40, 0?93; P for heterogeneity 5 0?23;
We performed the analyses of meta-regression to clarify the heterogeneity in the subgroup analyses (i.e. geographic regions, sex, types of control and cancer sites) and to explore the influence factors of coffee consumption on colorectal cancer risk using case-control studies.
Results from the meta-regression analyses confirmed that geographic region was independently associated with the positive association between coffee consumption and colorectal cancer risk (P values 5 0?02). Geographic region was therefore proven to be a significant and independent predictor for heterogeneity, strengthening the results of the subgroup analyses.
When the analysis was limited to the studies that had adjusted for potential confounders (i.e. smoking, alcohol and physical activity), the summary OR for case-control studies of colorectal and colon cancer decreased to 0?62 (95 % CI 0?41, 0?93) (11, 44, 46) and 0?56 (95 % CI 0?31, 1?02) (11, 46) , respectively. In addition, the summary RR for cohort studies of colon cancer declined to 0?88 (95 % CI 0?76, 1?02) (22, 23, 25, 32, 52) . After combining three casecontrol studies (11, 15, 31) providing OR for decaffeinated coffee, we found no relationship between colorectal cancer and decaffeinated coffee consumption (OR 5 0?97, 95 % CI 0?86, 1?10; P for heterogeneity 5 0?12; I 2 5 45 %). The potential for publication bias was examined by the construction of a 'funnel plot' showing the relationship between OR/RR and the standard error of logarithmic OR/RR, the Begg's rank correlation and Egger's regression tests. There was no evidence of publication bias in the studies of coffee consumption and colorectal, colon or rectal cancer in different geographic areas or sex. As shown in Fig. 3, for 
Discussion
In the present analysis, there were twenty-five casecontrol studies and sixteen cohort studies that reported the association between coffee consumption and colorectal cancer risk. The combined results of case-control studies indicated that the risk of colorectal and colon cancer for the highest coffee drinkers was approximately 15 % and 21 % lower than for the lowest/non drinkers, respectively. Significant inverse associations were also found in females for colorectal cancer and in Europe for colorectal and colon cancer. However, the results of cohort studies were inconclusive and coffee drinks were found to be correlated with marginally lower risks of colorectal and colon cancer. Substantially decreased risk of colon cancer was found only in Asian women. These results are similar to the other meta-analysis that presented a summary RR of colorectal cancer of 0?97 (95 % CI 0?73, 1?29) for cohort studies and 0?72 (95 % CI 0?61, 0?84) for case-control studies for high v. low categories of coffee consumption (5) . The discrepancy between the results of case-control studies and cohort studies may partly be related to the different time exposures considered. Case-control studies tend to examine the effect of coffee intake shortly before diagnosis, while many cohort studies, especially those with very long follow-up time, tend to examine more distant exposure. This is supported by the subgroup analysis according to follow-up period of the cohort studies conducted here, which indicated that studies with shorter follow-up time (,10 years) The mechanism of the possible protection of coffee against large bowel cancer is not well understood. It has been interpreted in terms of the antioxidant, antimutagenic and anticarcinogenic effects by coffee's complicated compounds. Coffee contains phenolic compounds (such as 0·85 (0·75, 0·97) 100·00 Fig. 1 Forest plot of case-control studies of the risk of colorectal cancer (CRC, colorectal cancer; CC, colon cancer; RC, rectal cancer; M, males; F, females) for the highest v. the lowest/non coffee consumption. The size of the data markers (squares) for the odds ratios corresponds to the weight of the study in the meta-analysis; the horizontal lines correspond to the 95 % confidence intervals RR, relative ratio. *P value for heterogeneity. -I 2 is interpreted as the proportion of total variation across studies due to heterogeneity rather than chance. (27) chlorogenic, caffeic and cumaric acids), melanoidins and diterpenes (such as cafestol and kahweol), which have been confirmed to eliminate several carcinogens and reduce the oxidant effect of polycyclic aromatic hydrocarbons (3, 58) . In addition, coffee intake might also decrease colon cancer risk by reducing the risk of type 2 diabetes (59, 60) , which is a known risk factor for colorectal cancer (61, 62) . Wu et al. found lower concentrations of C-peptide, a marker of insulin secretion, in women who drank more than four cups of caffeinated or decaffeinated coffee daily compared with non-drinkers (63) .
A recent meta-analysis of cohort studies based on twelve studies found no significant effect of coffee consumption on colorectal cancer risk (RR 5 0?91; 95 % CI 0?81, 1?02). However, there was a slight suggestion of an inverse association between coffee consumption and colon cancer in women (RR 5 0?79; 95 % CI 0?60, 1?04) (6) . Our findings confirmed these previous results. We also observed apparently stronger inverse relationships in women from case-control studies and cohort studies in colorectal cancer and colon cancer. Nevertheless, the difference between sexes was not statistically significant, which was similar to the results of other analyses (7, 9) . When we performed geographic subgroup analysis combining case-control studies, a significant inverse association between coffee consumption and risk of colorectal cancer could be observed in Europe but not in Asia or America. The significant difference between geographic areas was also confirmed by the results of meta-regression of regionstratified analyses. In the Northern European countries, coffee is usually prepared by boiling ground coffee beans with water and decanting the fluid without filtration. It is now known that cafestol and kahweol, both lipid components of coffee beans, are removed by filtration (64) . Cafestol and kahweol can reduce the oxidant effect of polycyclic aromatic hydrocarbons and several other carcinogens (58) . In addition, the categories of the low and high drinkers varied across the studies included in the present metaanalysis, as coffee drinking is more frequent in Europe than in America and even less common in Asia.
In the present meta-analysis, the significant positive effect of coffee consumption was found in colon cancer but not in rectal cancer. This is because coffee has been reported to reduce the synthesis and secretion of bile acid (a promoter of colon cancer) into the colon by downregulating the expression of bile acid homeostatic genes (65) ; eliminate several carcinogens by the action of cafestol and kahweol; and increase colonic motility limited to the rectosigmoid region by both regular and decaffeinated coffee, seen predominantly in women (66) . Several studies have reported that coffee consumption tends to be strongly associated with smoking, alcohol and physical inactivity, which may attenuate the association of coffee with colorectal cancer (4) (5) (6) 34, 37) . In the current meta-analysis there were three case-control (11, 44, 46) and seven cohort studies (22) (23) (24) (25) 27, 32, 52) providing risk estimates adjusted for smoking status, alcohol intake and physical activity. Our results from the analysis limited to studies that had adjusted for all three potential confounders showed a stronger inverse association between coffee intake and colorectal and colon cancer in case-control studies, and for colon cancer in cohort studies. This result was similarly confirmed elsewhere (6) . Most of the articles included in the present analysis did not offer information on coffee type, brewing method or serving size. There were only three case-control (11, 15, 31) studies presenting OR for decaffeinated coffee. A significant relationship RR, relative ratio. *P value for heterogeneity.
-I 2 is interpreted as the proportion of total variation across studies due to heterogeneity rather than chance. between decaffeinated coffee consumption and colorectal cancer risk was not displayed after combining these decaffeinated coffee data (OR 5 0?97, 95 % CI 0?86, 1?10), which was different from that of regular coffee (OR 5 0?86; 95 % CI 0?75, 0?97) but not significantly (P 5 0?66). The results indicated that there were not significant differences between regular and decaffeinated coffees. Observational studies included in the current metaanalysis may have various sources of bias, such as selection and report bias of case-control studies and confounding. However, the consistency of results between types of controls (population-and hospital-based), sex and cancer sites argues against it. Although we only included studies in English and could not take unpublished studies into account, null results (thirty studies reporting negative results, fifteen for case-control and fifteen for cohort studies) have been published, thus limiting the scope for publication bias in our meta-analysis. After forty of null results appearing in the analysis were added randomly, the pooled OR/RR changed little. This suggests that unpublished studies, like published ones with non-significant results, do not seem to influence the combined estimate of this relationship over a large range.
Conclusions
The current systematic meta-analysis of case-control studies and cohort studies provided quantitative evidence of an inverse relationship between coffee drinking and colorectal cancer risk. A strong inverse association was suggested in women, in studies of colon rather than rectal cancer, in studies performed in Europe, and in studies with shorter follow-up time. Future studies need to better account for long-term coffee drinking, carefully control for potential confounders, account for potential sex-and site-specific differences, and offer information on coffee type, brewing method or serving size.
